Nonatherosclerotic narrowing of the atrioventricular node artery and sudden death  by Burke, Allen P. et al.
Nonatherosclerotic Narrowing of t e ~t~iove~t~cMlar Nede A 
Sudden Death 
ALLEN P. BURKE, MD, RAMIAH SUBRAMANIAN, MD. FACC, JOHN SMIALEK, MD,* 
RENU VIRMANI, MD, FACC 
Washington, DC and Bolrimore. Morylnnd 
Objectives. Thtt study was undertaken to determtne whether 
thickening OF the atrioventrtcutsr (AV) node artery is a PBUP of 
sudden cardiac death. 
Rackgmund. Thtckerdng of the AV node artery has been 
tmdkated a5 a cause of sudoen dealh “rimarilv on the basis of 
a.6 reports. Few pathalqtc studtes ha& camp&d subjects who 
died ti sudden cardiac death with ““rmat rontml subjects who 
Ilk4 tmumattca”y. 
Melhods. Tk AV nude artery in 21 padents with unexplaitwJ 
sudden cardiac death (mean age 24.8 f 7.4 years) was compared 
with that in 17 control subj& who died tmumrdtcatly (mean age 
25.6 t 7.0 years). No anatomic cause of deatb wa Cound at 
autopsy in the subjects with sudden death, all of whom died oi 
presumed cardiw wrhvthmias. The m&u&n system of all 
bearts wasstudied by &serial s&iuns and Mont &achmme 
&alas. At the pobd “f fleatat nnrmwing of the AV ““de artery. 
the ootsr cfrcumfw and lumen ouUbt4 were tneed by eom- 
Conclusions. Dyspk& “f the AV ncde artery ma 
to death in a sut&antiat portim of pad&s with 
sudden death, and such dad, is &en aw&ted with exorctw snd 
a family history of vne+ined rodden death 
(J Am Cdl Car&i 1993$1:1C7-22) 
Arierial dysplasia is one of numerous causes of nonathem- 
sclerotic narrowing of coronary arteries. Dysplasia of epi- 
cardial arteries, generally considered to he a congenital 
disorder, is much less common than dysplasia of renal, 
carotid and mesenteric arteries (I). Thickening of intramural 
coronary arteries, especially those supplying the atrioven- 
tricular (AV) and sinoatrial (SA) nodes, has been implicated 
as a cause of sudden death in young patients without 
athemsclerosis(2-15)and ispmhably part of the spectrumof 
arterial dysplasia. Meny of these. reports stem from the 
oriaittal observations of James and coworkers (Z-6). One 
must be cautious, however, when attributing sudden death 
to a morphologic tinding that is abnormal but does not 
account for the mechanism of death. Most reported cases of 
sudden death attributed to thickening of the AV node artery 
are not associated with necrosis of the oxduction system 
(Z-15). although there are reports of necrosis and fibrosis in 
association with this finding (2.6). In addition, thickening of 
the AV node artery has been found in persons who have died 
of known noncardiac causes (16). However, this fact does 
not exclude the possibility that this thickening may be a 
cause of death in other cases. 
Although Lie (17) reparted intimal thickening of the AV 
node arten and the arterv to the SA node in 25% to 50% of 
a group of older patientf (mean age 62 years) with severe 
atl&&rosis, we believe that the association between 
thickenine of the AV node arterv and sudden death has not 
been inv&igated in a young U:S. population without epi- 
cardial coronary disease. Velican et al. (7) reported agreater 
incidence of narrowing of the AV node artery among agroup 
of French patients with sudden death than in a control group. 
Similarly. Okada and Kawai (9) demonstrated an increase in 
abnormalities of the AV node artery in a group of Japanese 
patients with sudden death, but quantitative measurements 
were not performed. 
To assess the signiticance of thickening of the AV node 
artery, we compared tbe incidence of this finding in two 
groups of young adults: 1) a group of persons who died 
suddenly, had no autopsy evidence of an anatomic ahnor- 
mality to account for their death but had AV node artery 
thickening that may have cootdbuted to death, and 2) a 
control group of persons who died of trauma. 
Methods 
Patient s&&ion. A computer search from the 1980-1990 
consultation files of the Cardiovascular Patholo_y Depart- 
ment, Armed Forces Institute of Pathology identified 266 
cases of unexpected sudden death in which the heart was 
available for study and in which a noncardiac cause of death 
was excluded by complete autopsy, toxicologic screen and 
investigation of the scene of death. Sudden cardiac death 
WBS d&ted as unexpected death with a duration of symp- 
toms of <I h. From this ;et of 266, we excluded hearts in 
which there was an anatomic cause of death (including 
infiltrative diseases, m-/ocarditis. sarcoidosis. valwdar dis- 
ease, cardiomyopathies and epicardial coronary artery dis- 
ease of >75% narrowing of any coronary artery), hypxtro- 
phied hews, as defined by Kitzman et rd. (IS) and Scholz 
et al. (19). and hearts in which the conduction system was 
not intact. Twenty-seven hearts remained in which the cawe 
of death was undetermined and the conduction system could 
be studied. Eleven of these 27 hearts were consultationcases 
from the Maryland Medical Examiner’s O&e, 6 from other 
medical examiners, 6from U.S. Army hospitals, Pfrom U.S. 
Navy facilities sod 2 from U.S. Air Force facilities. 
Control group. These were 17 subjects with sudden trau- 
matic death who had a grossly normal heart (that is, of 
normal weight and lacking coronary artery or valvular 
disease). These control subiects matched the study motto in 
age, race and gender dist&tion. All hearts were;&&ned 
in a shttilar manner. 
Conduclion system studies. In each formalin-fixed heart, 
the AV node was approached from the right atrium and 
ventricle. The region extending posterior to the coronary 
sinus orifice near the CNX of the heart to the membranous 
septum was cut in one block and divided into five or six 
consecutive slices and embedded in par&in. After pmcess- 
in& serial 25 to 50 sections were taken from each block. and 
titrther levels were cut to visualize the AV node artery. If 
necessary to obtain adeqoate sections of this artery, the 
blocks were reversed and sections taken front the omwrsite 
face or, in some cases, levels were made thtough thikntire 
block. A mean of 57 sections was examined for tba control 
group and 54 for the sudden death group. Because the hearts 
had been dissected by other investipators before the current 
study, the SA node was not included in this study. 
Morphologic studies. The area of greatest thi~keoiog of 
the AV node artery was estimated hv one of us ~3L.S.) in both 
the control and the sudden death Goup withoil k&ledge 
of the cause of death, and the result was further confirmed 
by others. A Movat pentachrome stain, which delineates 
elastic tissue, collagen, smooth muscle and acid otuco- 
polysaccharides. was performed on serial sections. The 
arteries were histologically classiEed as normal or abnormal: 
abnormal arteries were further classBed into those with 
inthttal proliferation only and those with both intimal prolii- 
eration and disruption of the internal elastic lamina. bepo- 
sitian of acid mucopalysaccharides was noted ifit exceeded 
25% of the area of the intima. media or combined intima and 
media (in cases of dysplasia where the junction was not 
intact). The area of greatest nwowittg was marked for each 
case, the image WBS projected onto paper and the arterial 
perimeter (medial-adventitial border) and the lumen were 
traced. With a computer software program (The Morphom- 
eter version 1.3, Woods Hole Educational Associates), the 
area of the artery and the lumen area were determined, and 
the ratio of the perimeter area to the area of the lumen was 
derived. The intramural septal coronary arteries in the 
ventricular septum were evaluated subjectively without 
knowledge of the cause of death and were evaluated for the 
presence of medial thickening, intimal proliferation and 
disruption of the internal elastic kmtina. 
Statie.tiud analysis. All data are expressed as mean value 
-C SD. The propation of pathologic changes in the sudden 
death and control groups was compared by 2 x 2 contin- 
gency tables and the Fisher exact test. The mean perimeter 
arealumen area ratio of the control group was compared 
with that of the test group by the Mann-Whitney rank-sum 
two-sample test for nonparametric data. The association 
between age and perimeter aretiumen area ratio and be- 
twzen vessel diameter at the site of measurement was 
studied by linear regression. 
Results 
Pptit data. The mean age was 24.8 + 7.4 years for the 
sudden death group (n = 27) and 25.6 E 7.0 yews for the 
control group (n = n). The male/female ratio Was 1730 and 
12~5, respectively, for the sudden death and the control 
group. There w&e I9 whites and 8 blacks in the sudden 
death group and 11 whites and 6 blacks in the control group. 
The cawe of death in the sudden death group was 
undetermined and attributed to cardiac arrhythmia Three 
patients in this group had a history of syncope, and one had 
sick sinus syndrome and Raymwl’s phenomenon. Four 
patients had a family history of premature unexplained 
sudden death. The remaining 20 patients had no previous 
medical history. Nine of the 27 pa!irnts in this group died 
during exercise (two while playing basketball, two while 
running and one each during swimming, physical training, 
sexual intercourse, soccer, dancing). The control group 
consisted of eight passenger victims of vehicular accidents 
and nine victims of gunshot wounds. 
Gross fiudings. The AV node artery amse from the right 
coronary artery in 21 of the 27 subjects in the sudden death 
group and in IS of the 17 control subjects and from the left 
circumflex coronary artery in 5 subjects in the sudden death 
group and in 1 control subject. The AV node artery was 
supplied by both arteries in one subject from each group. 
Table 1. Histologic Findings: Alrioventricular Node Artery 
There WBS grossly identhiable narrowing of the .4V node 
artery in the interntrial septum in one case. 
Histologic Sodings (Table 1). The histologic appearance 
of the arteries (normal, intimal proliferation only, intimal 
proliferation with disruption of the internal elastic lamin”) 
and the presence or absence of acid mucopolysaccharide 
deposition are tabulated in Table I. Intimal proliferation with 
disruption of the internal elastic lamina was defined as 
dysplasia (Fig. I, A and B). The incidence of dysplasia of the 
AV node artery was higher in the sudden death group (17 of 
27) than in the control group (4 of 17, p = 0.02). Dysplasia 
with acid mucopalysaccharide deposition was also more 
frequent in the sudden death group (12 of 27 vs. 1 of 17, p = 
0.006). Fibrointimal proliferation without distuptio” of the 
internal elastic ltina (Fig. 2) w”s see” in bath groups. 
Mwphcmtetric rwdk. The diameter (from the medial- 
adventitial border) of the AV node artery at the site of 
morphometiic measurement for rdl cases ranged from 0.3 to 
1.1 mm. The mean diameter of the AV node artery was 
0.58 f 0. 23 mm in the sudden death group and 0.52 ? 
0.22 mm in the control group. The mean p&meter area! 
lumen area ratio was 11.2 + 10.6 in the sudden death group 
and 5.8 3- 2.5 in the control gmup (Fii. 3). The respective 
rank-sum, U-statistic and “verw rank was 279.0. 126.0 and 
16.4 for the control group and ill.0. 333.0 and 26.3 for the 
sodden death group. The two tailed p value for normal approx- 
imation (2.483 with continuity correction) wasp = 0.031. The 
patient with sick sinus syndrome had a normal perimeter 
are&me” a~ ratio of the AV node artery (5.0) as well as of 
the SA “ode artery, which was available for study. 
Compuiam d morphometric pod histologic findings 
(Tabk2). Forthetwogroups combined, the meanperimeter 
ardumen area ratio was similar for those with a histologi- 
cally normal AV node artery, those with tibrointimal pmlif- 
eration and those with tibrointimal proliferation without acid 
mucopolysaccharide deposition. The range of mean perime- 
ter arer&tme” area ratio was 5.2 to 6.6, similar to that of the 
control group as a whole. Dysplastic arteries with acid 
mucopolysaccharide deposition were significantly thicker 
@ = 0.01, Student t test) than all other arteries combined. 
The mea0 perimeter areailomen area ratio for this subgroup 
w”s 18.0. 
Fiwe 1. A, Anery to the atriove”tricti (AVJ “ode, in the AV 
gmwe between the I& atrium (left of &d) a”d left ventricle. The 
specimen was from a 27.year old man who died suddenly during 
exercir:; there was no pnvious medical bistq of cardiac symp 
tams or arrhythmias. Mwat pent&mole stair, x15, reduced by 
25%. F& A higher power of maguitizatiw of A demonstrating a 
mlly thickened media, mild intim8.t hickening and splitting and 
reduplication of the internal elastic lamilw. The perimeter area, 
lumen area ratio fmm this section was 13.14. Movat pentachmme 
stain x75. reduced by 25%. 
Clinical sod pa&ok@ ti”di”gs in 10 subj& with sudden 
death and J severely narrowed AV “ale tiery. I” IO sub- 
jects with sudden death (Table 3), the perimeter a&lumen 
area value for the AV “ode artery exceeded 2 SD of the 
control group value (10.8). Au IO AV node artery arteries in 
this subgroup were dysplastic, and 9 showed marked depo- 
sition of acid mucopolysaccharides. The site of narrowing 
was inferior to the conduction system toward the cmx of the 
heart within the inter&al septum in seven of these subjects. 
at the level of ihe AV “ode in two o”d at the level of the 
penetrating bumlle in one subject. Nine of these subjects 
were white and one was black; five were young men 20 to 31 
Piiz. Artery to the atrioventricular nodefmma28-year old man 
in the normal control group who died of a gunshot wound to the 
head. There is mild thickening of the intima, but tbe internal elastic 
lamina is intact. The @meter arealumen area ratio was 2.72. 
Mow pattachrome stain x75. reduced by 25%. 
years of age and four were young women 15 to 32 years of 
age. Three had a family history of sudden death. One man’s 
mother and maternal grandfather had died suddenly and 
unexpectedly in their 30s; one woman’s mother died in her 
early 40s and her brother at age 23; one man’s father had 
died unexpectedly with a “nomtul autopsy” at age 49. Both 
vessels showed dysplasia without evidence of mucopolysac- 
charide deposits. Linear regression analysis cf perimeter 
area%tmen area ratio of the AV node artery with advancing 
age failed to show any correlation (? = 0.007). In addition, 
there wee no conelation between the diwte!er of the artery 
at the site of measurement and the perimeter weallumen area 
ratio (12 = 0.03). 
Figure 5. Perimeter areaIhunen area (PA&A) ratio in 17 control 
subjects (left) and 27 subje:ts with sudden cardiac death (SD) 
(right). The mean value (horizontal bar) is 5.8 for the control group 
versus 11.2 fur tbe subjects with sudden death. Ten subjects in the 
sudden death group had a value >I&5 (2 SD greater than the mea” 
ve.lue in the control group); several values in the sudden death Smup 
0Wlep. 
Table 2. Histologic and Morphometric Findings in the Combined 
Control and Sudden Death Group 
Mher pathologic lindings. The epicardial coronary arter- 
ies in all cases of sudden death were essentially free of 
atherosclerosis (~30% cross-sectional area narrowed by 
plaque). One subject with sudden death with a thickened 
dysplastic AV node artery had a focus of hypereosinophilic 
myocytes adjacent to an area of fibrosis. The intramural 
coronary arteries of the intiaventricular septum were quali- 
tatively normal in 21 of the 27 subjects with sudden death. In 
three others, :here was medial thickening of intramural 
arteries: these three subjects had B perimeter area/lumen 
wea ratio of the AV node artery within the normal range. In 
the remaining three subjects, there was focal intimal PI&- 
eration with disruption of the internal elastic lamina. Two of 
these three subjects had an ahnomtel perimeter areuilumen 
area ratio (>2 SD) of the AV node artery. 
Discnssion 
Preseol sludy. Histologic and mmphometric data from 
this study suggest that severe small artery disease, when 
age&g the AV node attcry, is associated with sudden 
Table 3. Characteristics of 10 Subjects With an Abnormal* 
Awioventricubu (AVl Node Arten, 
death. Histologically defined dysplasia was present more 
often in the sudden death group than in the control group 
(p = 0.021, and the morphometrically determined mean 
perimeter areallumen area ratio of the AV ucde artery was 
statistically higher in the sudden death than in the control 
group (p = 0.036). In sudden death cases. the most severely 
narrowed AV node arteries (defined bv thickenine >2 SD of 
help ascribe a cause oideath in maw cases when no other 
anatomic rbruimality accounts for the patent’s death. 
Mechanism of death The mechanism of death in cases of 
_ 
that in wntrol vessels) were all dysplastic, and all but one 
showed marked deposition of acid mucopolysaccharides. 
These findings indicate that the narrowing is a result of 
dysplasia morphologically similar to tha! seen in extracar- 
disc arteries. In the absence of other life-threatening path@ 
logic findings, we assigned a cause of death as secondary to 
AV node artery dysplasia with significant lumen narrowing. 
We require both lumen narrowing and histolunic changes to 
diagnose significant disease in tiles : vessels. 
Most of the IO subiects with sudden death whose AV 
node artery was markkdly thickened had no previous medi- 
cal history. Unlike some fonus of extracardiac arterial 
dysplasia. there was no female gender predisposition. One 
half of deaths occurred during exercise, suggesting that the 
mechanism of death may be due to ischemia of the cwduc- 
tion system and that it is probably exacerbated by increased 
oxygen demand. One third of subjects had a family history of 
premature death from unknown cause. suggesting a congen- 
ital basis for the disease, similar to dysplasia of larger, 
noncoronary vessels, which can also be familial (I). In this 
series, the IO subjects wirh dysplasia of the AV node nrter 
with marked lumen narrowing were white, despite a large 
number of blacks in the overall sudden death population: the 
significance of this finding remains to be clarified. 
The mechanism of sudden death in persons with a thick- 
ened AV node anery may be related 10 small vessel disease 
remote from the AV node. All subjects with dysplastic 
intramural arteries in the septum remote from the AV node 
had dysplasia of the AV node artery, indicating that in these 
cases an ischemic event in other areas of the myccardium 
could be responsible for the terminal arrhvthmia. Small 
vessel aneriai disease may be a multiioal cl&ge through- 
out the myocardium that causes sudden death most fre- 
quently, but not exclusively, by an interruption in the bloal 
supply to the AV node. 
errors and.cross sectioning, we, as have others (2-lb.17; 
used semiserial sections of the arteries. There was a lack of 
We demonstrated a quantitative difference between the 
degree of AV node artery narrowing in a control group and 
in a sudden death group with no other cardiac or noncardiac 
abnormalitv to account for the death. To avoid samoling 
ice”& of the pathologic findings. 
Two studies of thickened AV node arteries have com- 
PrwiousstudieronsmattvesselGaeartotheAVnode. A 
substantial body of work, predominantly by James and 
colleagues (2-6). has suggested that congenital narrowing of 
the AV node artery or sinoatrial node artery can cause 
sudden death. There are several difficulties in establishing 
the significance of disease of small vessel coronary arteries 
iz! :x reports. As noted earlier, ischemiaof the conduction 
system can result in fatal arrhythmias leading to unexpected 
death before histologic changes of ischemia become appar- 
em. There is R spectrum in the degree of lumen narrowing 
that makes any definition of abnormal arbitrary, necessitat- 
ing the use ofcontrol subjects. Also, small vessel disease can 
be found in persons who died of other causes and had no 
history of arrhythmias (S,lO,I5), casting doubt on the signif- 
dysplasia of the artery to the sinus node and AV node artery 
is believed to be ischemic (3-6), a view that is supported by 
an association with death during exercise. Only one subject 
had demonstrable ischemic findings in the area of the AV 
node. This low incidence of ischemic myocardial changes 
can probably be attributed to the occurrence of death before 
structural alterations of chronic ischemia became visible. 
correlation between perimeter area/lumen area ratios and 
vessel diameters, indicating that the ratio or the measure- 
ment was independent of vessel size. We studied only a 
younger group (~$0 years) without significant athemsclero- 
sis to avoid other potential causes of arrhythmias and 
narrowing secondary to acquired, as opposed to predomi- 
nantly congenital, processes. We excluded hypertrophied 
hearts to isolate the et&t of narrowing of the AV node 
artery on sudden death, because it is well known (4.9.14) 
that hypatrophic cardiomyopathy and other forms of idio- 
pathic cardiac hypertmphy may predispose to arrhythmias. 
With our quantitative definition of thickening of the AV 
node arterv. a moderatelv hieh orooortion (37%) of our cases 
of otherwise undetewi&d siddencxdiac death WOR attrib- 
utable to an abnormal AV node artery. The proportion of 
subjects with sudden cardiac death with no underlying 
anatomic aix.?mmlity ranges up to 16% in some series, 
depending on the age of the subjects (14). A careful study of 
the AV node artery in Casey of sudden cardiac death should 
pared subjects with sudden death with a control group. 
Okada and Kawai (9) used only eight subjects with a 
macroscopically normal heart as a co&l w&p, and their 
age range for sudden death was 0 to 82 years. encompassing 
a wide variety of pathologic entities. They did not use 
quantitative criteria for lumen narrowing and compared only 
small subgroups ofhoarls from patients with specific types of 
arrhythmias who died suddenly or by I h after a critical 
episode. 
A study from France (7) of 932 dissected hearts, more 
than half of them from accident victims, demonstrated that 
thickening to the AV node artery dozs not generally occur 
until the 4th decade of lie. They compared accident victims 
and hospitalized patients as a group. and included many 
subiects with atherosclerotic hean disease. They did not 
de&be dysplastic AV node arteries, used semiquautitarive 
methods and focused on the finding of atherosclerosis of 
small coronary vessels that may acc&nt for sudden cardiac 
death. 
Liiitations of current study. Our systematic section of 
the conduction system was limited lo the AV node area, and 
the entire conduction system war not sampled. Therefore, 
we cannot exclude areas of narrowing that w ,2 missed on 
the sections that were not taken. Additionally, we were 
unable to systematically study the anay to the SA node, 
which has &o been im&cated as a ca& of sudden death. 
The cause of death in the subjects with sudden death who 
had a normal AV node artery remains unknown. The clinical 
course of patients with thickening of the AV node artery or 
SA node &tery is not clarified b; studies such as this one, 
because of the lack of premortem data. In our series the 
majority of subjects with dysplasia of the AV node artery 
and SA node artery presented with sudden death without 
previous history; before the early history of such persons is 
known with certainty, autopsy studies on patients with 
known arrhythmias are necessary. 
Conclusions. By using computerized morphometry, the 
perimeter arealumen area ratio of the AV node artery we 
calculated in 17 control accident victims and 27 subiects with 
unexplained sudden cardiac death. The upper Ii&(2 SD) of 
this ratio was 10.8 in the control group. This ratio was 
exceeded in 10 subjects with sudden death in whom the 
cause of death was attributed to dysplasia of the AV node 
artery. Almost half of these subjects died during exercise, 
and one third had a family hi&y of sudden &plained 
cardiac death. Whether the mechanism of sudden death is 
the same as that in syndromes ‘that cause hypwrophy 
remains to be seen. Because selective angiography of small 
coronary vessels including the AV node arty is now 
feasible (ZO), dysplasia of this vessel may be eventually 
diagnosed antemortem. underscoring the imp&we of 
characterizing the patholqic changes that can predispose to 
terminal arrhythmias and sudden death. Dysplasia ofthe AV 
node artery is an important and presumably underdiignosed 
cause of sudden cardiac death, especially in young adults. 
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